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© Control apparatus of fluorescent lamp. 

© A control apparatus of fluorescent lamp de- 
tecting an end-of-life state of a fluorescent lamp 
for making it possible to have suitable counter- 
measures taken. In the control apparatus, a load 
circuit is formed of a capacitor connected be- 
tween filaments of a fluorescent lamp and a 
choke coil connected in series with the fila- 
ment, and there are provided a detection coil for 
detecting a tube current flowing through the 
load circuit and a detection circuit receiving an 
output voltage of a rectifier circuit rectifying the 
output of the detection coil for detecting a rise 
in the output voltage occurring when the output 
frequency of an oscillation circuit is modulated 
by a modulation circuit 
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BACKGROUND OF THE INVENTION 

The present invention relates to a control appara- 
tus of fluorescent lamp having an oscillation circuit for 
lighting control of a fluorescent lamp in accordance 5 
with the output frequency of the oscillation circuit. 

The fluorescent lamp hitherto in use is provided 
with filaments disposed on its both ends and has a 
load circuit formed of the fluorescent lamp with the fi- 
laments, a capacitor connected between the fila- 10 
ments, and a choke coil connected in series with the 
filament, and therein it is adapted such that a voltage 
of a predetermined frequency according to the output 
frequency of the oscillation circuit is applied to the 
load circuit and, thereby, the filaments are preheated 15 
so that a discharge is passed between the filaments 
and light is emitted. 

FIG. 2 shows the relationship between the output 
frequency f of the oscillation circuit and the tube cur- 
rent I flowing through the load circuit (f-t characters- 20 
tic). When the fluorescent lamp is normally lighted, 
the relationship between the output frequency f and 
the tube current I has a virtually linear characteristic 
as indicated by a in FIG. 2, namely the tube current I 
decrease as the output frequency f increases. How- 25 
ever, when no discharge takes places between the fi- 
laments, the capacitor, choke coil, and the resistance 
of the filaments come to be connected in series, and, 
hence, the f-l characteristic indicated by b in FIG. 2, 
in which the current reaches a maximum at the reso- 30 
nant frequency fO, is exhibited. 

The oscillation circuit, in the normal state, oper- 
ates to light the fluorescent lamp at a fundamental fre- 
quency f1 (period: T1) of the value apart from the res- 
onant frequency fO. However, when the fluorescent 35 
light is put out or it is exchanged, in order to pass a 
large tube current through the load circuit so that the 
fluorescent lamp is automatically lit again, it is ar- 
ranged in the modulation circuit such that the output 
frequency f is modulated to a frequency f2 closer to 40 
the resonant frequency fO than the fundamental fre- 
quency f 1 at intervals of a predetermined period T3 
(for example 4 msec) as shown in FIG. 3. By execu- 
tion of such modulation, when the fluorescent lamp is 
in its lighted state, the tube current I becomes smaller 45 
during the execution of the modulation as shown in 
FIG. 4. However, when the lamp is in its put out state, 
the tube current I becomes greater as shown in FIG. 
5. By the greater tube current I provided at this time, 
the filaments are preheated and a discharge is so 
caused to take place, so that the fluorescent lamp au- 
tomatically starts to emit light again. 

However, since the preheating current flows 
through the filament as described above, the filament 
undergoes aged deterioration, i.e., it gradually sub- 55 
limes and becomes thinner, and it eventually leads to 
defective lighting of the fluorescent lamp. At such an 
end of life of the fluorescent lamp, a current still flows 



through the load circuit because the filament is not 
yet broken. Nevertheless, the lamp becomes unable 
to come on again even if the above described modu- 
lation is performed, or, even when it is turned on, it im- 
mediately goes out. This invites a large tube current 
flowing through the fluorescent lamp every time the 
modulation is performed, if such a condition lasts 
long, an abnormal temperature rise is caused in the 
choke coil or such an unpleasant state for lighting ap- 
paratus occurs that the fluorescent lamp at the end 
of life repeatedly goes on and out. Such a problem be- 
comes severer when the fluorescent lamp is being 
dimmed. 

Especially when a large number of fluorescent 
lamps are being lit, if one of the fluorescent lamps 
reaches its end of life, all the fluorescent lamps must 
be put out for the protection of the circuit, or if it is de- 
sired to put out only the fluorescent lamp reaching its 
end of life, such a problem arises that a detection cir- 
cuit must be provided for each of the fluorescent 
lamps. 

There has also been such a problem that, when 
the power supply voltage becomes low for some rea- 
son or other and the voltage applied to the oscillation 
circuit is thereby lowered, operation of the oscillating 
circuit becomes unstable and an abnormal oscillating 
operation is made. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the 
above problems in the conventional art and it is an ob- 
ject of the present invention to provide a control ap- 
paratus of fluorescent lamp with which it is made pos- 
sible to detect an end-of-life state of a fluorescent 
lamp and take suitable counter measures. 

In order to achieve the above mentioned object of 
the invention, there is provided a control apparatus of 
fluorescent lamp having a load circuit formed of a flu- 
orescent lamp provided with filaments at both ends 
thereof, a capacitor connected between the fila- 
ments, and a choke coil connected in series with the 
filament, an oscillation circuit, an output circuit for ap- 
plying the load circuit with a voltage at a frequency 
based on an output frequency of the oscillation circuit, 
and a modulation circuit for modulating the output fre- 
quency of the oscillation circuit to a frequency around 
the resonant frequency of the load circuit at a prede- 
termined period, the control apparatus of fluorescent 
lamp comprising a tube's end-of-life detection circuit, 
constituted of current detection means for detecting a 
tube current flowing through the load circuit, a recti- 
fier circuit for rectifying the output of the current de- 
tection means, and a detection circuit receiving the 
output voltage of the rectifier circuit for detecting a 
rise in the output voltage during the modulation of the 
output frequency of the oscillation circuit performed 
by the modulation circuit. 
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Even if the output frequency of the oscillation cir- 
cuit is modulated by the modulation circuit to a fre- 
quency around the resonant frequency, the tube cur- 
rent becomes smaller as shown in FIG. 4 when the 
fluorescent lamp is normally lit, but the tube current 5 
conversely becomes greater as shown in FIG. 5 when 
the fluorescent lamp is put out and, thereby, the fila- 
ments are preheated to pass a discharge. When a flu- 
orescent lamp gets age-deteriorated and, thereby, 
such a state where the fluorescent lamp does not go 10 
on even if the greater current is passed through the 
load circuit upon execution of the modulation or the 
fluorescent lamp immediately goes out even if it is lit 
is brought about and the condition shown in FIG. 5 
lasts long. 15 

According to the control apparatus of fluorescent 
lamp of the present invention, the tube current flow- 
ing through the load circuit is detected by the current 
detection means in the tube's end-of-life detection cir- 
cuit and the rectifier circuit rectifies the detected cur- 20 
rent and supplies the rectified current to the detection 
circuit. The detection circuit detects a rise in the out- 
put voltage of the rectifier circuit and detects the great 
current produced upon execution of the above mod- 
ulation. If the great tube current flow produced during 25 
the modulation can be detected, the end-of-life state 
of a fluorescent lamp can be detected when the great 
current is continually detected for example over a pre- 
determined period of time, and thus it becomes pos- 
sible to take suitable countermeasures. 30 

Further, a control apparatus of fluorescent lamp 
of the present invention is arranged to have a load cir- 
cuit formed of a fluorescent lamp provided with fila- 
ments at both ends thereof, a capacitor connected 
between the filaments, and a choke coil connected in 35 
series with the filament, an oscillation circuit, an out- 
put circuit for applying the load circuit with a voltage 
at a frequency based on an output frequency of the 
oscillation circuit, and a modulation circuit for modu- 
lating the output frequency of the oscillation circuit to 40 
a frequency around the resonant frequency of the 
load circuit at a predetermined period, the control ap- 
paratus of fluorescent lamp comprising a tube's end- 
of-life detection circuit, constituted of current detec- 
tion means for detecting a tube current flowing 45 
through the load circuit, a rectifier circuit for rectifying 
the output of the current detection means, and a de- 
tection circuit receiving the output voltage of the rec- 
tifier circuit for detecting a rise in the output voltage 
during the modulation of the output frequency of the 50 
oscillation circuit performed by the modulation circuit 
and prohibiting the frequency modulating operation of 
the modulation circuit when the rise of the output vol- 
tage has continued a predetermined period of time. 

According to the control apparatus of fluorescent 55 
lamp of the present invention, since the detection cir- 
cuit in the tube's end-of-life detection circuit prohibits 
the frequency modulating operation performed by the 



modulating circuit upon detection of the tube's end-of- 
life state, the great tube current is prevented from 
flowing any more and the fluorescent lamp reaching 
its end of life is not allowed to go on again and remains 
put out and, thus, the deterioration in the illuminating 
effect caused by the fluorescent lamp repeatedly go- 
ing on and off can be prevented. 

Further, a control apparatus of fluorescent lamp 
of the present invention is arranged to have a load cir- 
cuit formed of a fluorescent lamp provided with fila- 
ments at both ends thereof, a capacitor connected 
between the filaments, and a choke coil connected in 
series with the filament, an oscillation circuit, an out- 
put circuit for applying the load circuit with a voltage 
at a frequency based on an output frequency of the 
oscillation circuit, a modulation circuit for modulating 
the output frequency of the oscillation circuit to a fre- 
quency around the resonantfrequency of the load cir- 
cuit at a predetermined period, and a dimmer circuit 
adjusting the output frequency of the oscillation cir- 
cuit for dimming the fluorescent lamp, the control ap- 
paratus of fluorescent lamp comprising a tube's end- 
of-life detection circuit, constituted of current detec- 
tion means for detecting a tube current flowing 
through the load circuit, a rectifier circuit for rectifying 
the output of the current detection means, and a de- 
tection circuit receiving the output voltage of the rec- 
tifier circuit for detecting a rise in the output voltage 
during the modulation of the output frequency of the 
oscillation circuit performed by the modulation circuit 
and prohibiting the frequency modulating operation of 
the modulation circuit and the dimming operation of 
the dimmer circuit when the rise of the output voltage 
has continued a predetermined period of time. 

According to the control apparatus of fluorescent 
lamp of the present invention, since the detection cir- 
cuit in the tube's end-of-life detection circuit prohibits 
the frequency modulating operation performed by the 
modulating circuit and the dimming operation per- 
formed by the dimmer circuit upon detection of the 
tube's end-of-life state, the great tube current pro- 
duced upon execution of the modulation and dimming 
is prevented from flowing any more. 

Further, a control apparatus of fluorescent lamp 
of the present invention is arranged to have a first and 
a second load circuit formed of a first and a second 
fluorescent lamp, respectively, provided with fila- 
ments at both ends of each thereof, and a capacitor 
connected between the filaments as well as a choke 
coil connected in series with the filament of each flu- 
orescent lamp, an oscillation circuit, an output circuit 
for applying each of the load circuits with a voltage at 
a frequency based on an output frequency of the os- 
cillation circuit, and a modulation circuit for modulat- 
ing the output frequency of the oscillation circuit to a 
frequency around the resonant frequency of the load 
circuit at a predetermined period, the control appara- 
tus of fluorescent lamp comprising a tube's end-of-life 
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detection circuit, constituted of first and second cur- 
rent detection means for detecting a tube curr nt 
flowing through each of the load circuits, a rectifier 
circuit for rectifying the sum of the outputs of the cur- 
rent detection means, the outputs being arranged to 5 
be of characteristics reverse to each other, and a de- 
tection circuit receiving the output voltage of the rec- 
tifier circuit for detecting a rise in the output voltage 
during the modulation of the output frequency of the 
oscillation circuit performed by the modulation circuit. 10 

In the control apparatus of fluorescent lamp of 
the present invention, since the tube currents flowing 
through both of the load circuits are considered the 
same when both fluorescent lamps are normally lit, 
they cancel each other when added up, by arranging 15 
them to have reverse characteristics and, hence, no 
output voltage is provided from the rectifier circuit; 
When either of the fluorescent lamps reaches its end 
of life and the great current is passed upon execution 
of the modulation, the above canceling state is called 20 
off and the output voltage of the rectifier circuit rises. 
The detection circuit detects this rise in the output vol- 
tage of the rectifier circuit If this can be detected, 
then, by determining that the same condition is de- 
tected continually for example over a predetermined 25 
period, it can be judged that either of the fluorescent 
lamps has reached its end of life and it is thereby 
made possible to take suitable countermeasure. 
Since the tube current becomes greater especially 
when a large number of fluorescent lamps are lit, 30 
sometimes it becomes difficult, with the earlier de- 
scribed invention, to distinguish such current from 
that current produced when a fluorescent lamp has 
reached its end of life, but according to the last men- 
tioned invention, it is ensured that a fluorescent lamp 35 
reaching its end of life can be detected. 

Another object of the present invention is to pre- 
vent occurrence of an abnormal operation of the os- 
cillation circuit on account of low voltage supplied to 
the oscillation circuit 40 

Accordingly, the control apparatus of fluorescent 
lamp of the present invention is arranged to have an 
oscillation circuit connected to a power supply circuit, 
a fluorescent lamp, and an output circuit for applying 
the fluorescent lamp with a voltage at a frequency 45 
based on an output frequency of the oscillation circuit, 
the control apparatus of fluorescent lamp comprising 
a low- voltage detection circuit supplied with an output 
voltage based on a power supply in common with the 
power supply for the power supply circuit and causing 50 
the oscillation circuit to stop its oscillating operation 
when the output voltage becomes lower than a pre- 
determined value. 

According to the control apparatus of fluorescent 
lamp of the present invention, when the supply vol- 55 
tage of the power supply circuit for the oscillation cir- 
cuit descends for some reason or other leading to a 
descent of the output voltage input to the low-voltage 



detection circuit, the low-voltage detection circuit pro- 
hibits the oscillating operation of the oscillation circuit 
upon receipt of the output voltage lower than a pre- 
determined value. Accordingly, the abnormal opera- 
tion of the oscillation circuit on account of low voltage 
supplied thereto can be prevented from occurring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electric circuit diagram of a control ap- 
paratus of fluorescent lamp according to the 
present invention; 

FIG. 2 is a diagram showing relationship between 
the output frequency of an oscillation circuit and 
the tube current; 

FIG. 3 is a diagram showing the output frequency 
of an oscillation circuit; 

FIG. 4 is a diagram showing the tube current 
when a fluorescent lamp is put on; 
FIG. 5 is a diagram showing the tube current 
when a fluorescent lamp is put out; 
FIG. 6 is a diagram showing the terminal voltage 
of a capacitor of a rectifier circuit input tothe pos- 
itive input terminal of an operational amplifier and 
the terminal voltage of the capacitor input to the 
negative input terminal of the operational ampli- 
fier; 

FIG. 7 is an electric circuit diagram of a control cir- 
cuit of fluorescent lamps of the present invention 
where two detection coils are used; and 
FIG. 8 is an electric circuit diagram of a low-vol- 
tage detection circuit of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will be 
described below with reference to the accompanying 
drawings. Referring to FIG. 1 , an AC power supply AC 
is connected to a power supply circuit 3 for an oscil- 
lation circuit 2 and the output frequency f of the oscil- 
lation circuit 2 is input to a drive circuit 6 of an output 
circuit 4 formed of FET etc. The output circuit 4 is con- 
nected with a load circuit 7 and it is adapted such that 
a voltage at a frequency based on the output frequen- 
cy f of the oscillation circuit 2 is supplied from the out- 
put circuit 4 to the load circuit 7. The load circuit 7 is 
formed of several fluorescent lamps 9 each thereof 
having filaments 8, 8 at both ends thereof, choke coils 
11 each thereof being connected in series with the fi- 
lament 8, on one side, of each fluorescent lamp 9, and 
capacitors 12 each thereof being connected between 
the filaments 8, 8 of each fluorescent lamp 9. The 
choke coils 11 are parallel ly connected to one output 
line 13 of the output circuit 4 and the filaments 8 on 
the other sid are paraileliy connected to the other 
output line 14 of the output circuit 4. 

Output from a modulation circuit 10 and a dimmer 
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circuit 15 is input to the oscillation circuit 2. In the nor- 
mal state, the oscillation circuit 2, the same as descri- 
bed above, outputs, as the output frequency f, a fun- 
damental frequency f1 (period: T1) of a value apart 
from the resonant frequency fO which is determined 5 
by the choke coil 11, the capacitor 12, and the fila- 
ments 8, 8, so that the output circuit 4 applies a vol- 
tage at the fundamental frequency f1 to the load cir- 
cuit 7 and, hence, each fluorescent lamp 9 is lit, while 
the modulation circuit 10, as described above, mod- 10 
ulates the output frequency f of the oscillation circuit 
2 to a frequency f2 closer to the resonant frequency 
fO than the fundamental frequency f1 at intervals of a 
predetermined period T3 (for example, 4 msec) as 
shown in FIG. 3. The dimmer circuit 15 is adapted to 15 
increase the output frequency f of the oscillation cir- 
cuit 2 to thereby increase ti ie impedance of the choke 
coil 11 so that the brightness of the fluorescent lamp 
9 may be decreased within a predetermined range. 

The portion enclosed by a chain line in the dia- 20 
gram shows a tube's end-of-life detection circuit 16. 
The tube's end-of-life detection circuit 16 is formed of 
a detection coil 17 as a tube current detection means 
for detecting the tube current I flowing through the 
output line 14 of the output circuit 4, a rectifier circuit 25 
18 for rectifying the output voltage of the detection 
coil 17, and a detection circuit 19 receiving the output 
voltage of the rectifier circuit 18. The rectifier circuit 
18 is formed of a diode 21, a capacitor 24 wit ha small 
capacitance value, connected between the forward 30 
end of the diode 21 and the ground, and resistors 22 
and 23. The detection circuit 19 is formed of resistors 
26 and 27 parallelly connected to one terminal of the 
capacitor 24, an operational amplifier 28 having its 
positive input terminal and negative input terminal 35 
connected with the resistors 26 and 27, respectively, 
a capacitor 29 connected between both the input ter- 
minals, a capacitor 31 with a large capacitance value 
connected between the negative input terminal and 
the ground, a resistor 32 connected between the neg- 40 
ative input terminal and a power source VCC, a diode 
33 and a resistor 34 connected with the output of the 
operational amplifier 28, and an output generation cir- 
cuit 36 connected with the resistor 34, the output of 
the output generation circuit 36 being connected with 45 
the above described modulation circuit 10 and dim- 
mer circuit 15. 

Operation of the circuit of FIG. 1 will be described 
below. A tube current I flowing through the load circuit 
7 causes a voltage to be induced on the secondary 50 
side of the detection coil 17. The induced voltage is 
rectified by the diode 21 of the rectifier circuit 18 and 
smoothed by the capacitor 24. The terminal voltage 
V1 of the capacitor 24 when the lamp is lit is shown 
in the upper portion of FIG. 6. Although the voltage 55 
V1 is depicted in the diagram so as to have short- 
duration waveforms but, in reality, it has smoothed 
waveforms between the peaks by the smoothing ac- 



tion of the capacitor 24. The voltage V1 is input to the 
operational amplifier 28 through the resistors 26 and 
27. At this time, the voltage V1 is smoothed at the 
time constant determined by the resistor 27 and the 
capacitor 31 and input to the negative input terminal 
of the operational amplifier, while it is passed through 
the resistor 26 and input to the positive input terminal. 
Here, the terminal voltage V2 of the capacitor 31 is 
pulled up by the resistor 32 so that the voltages V1 
and V2 have a mutual relationship as shown in the up- 
per portion of FIG. 6. Accordingly, when every fluor- 
escent lamp 9 is lit, the output of the operational am- 
plifier 28 is "L". 

On the other hand, when any of the fluorescent 
lamps 9 reaches its end of life and, hence, a great 
tube current I as shown in FIG. 5 flows through the 
load circuit 7 upon execution of the above described 
modulation by the modulation circuit 1 0, this tube cur- 
rent is detected by the detection coil 17, so that the 
terminal voltage V1 of the capacitor 24 comes to ex- 
hibit a pulsating rise at intervals of the period T3 as 
shown in the lower portion of FIG. 6. However, since 
the capacitor 31 has large capacitance, the rise of the 
voltage V2 due to increase in the voltage V1 is small. 
Accordingly, at the time when the modulation is per- 
formed, the voltage (V1) at the positive input terminal 
of the operational amplifier 28 becomes larger than 
the voltage (V2) at the negative input terminal and, 
hence, a "H N pulse at the period T3 comes to be input 
to the output generation circuit 36. The output gener- 
ation circuit 36 counts the "H" pulses for example 250 
times (corresponding to a time of approximately 1 
sec.) and then generates a prohibit output to the mod- 
ulation circuit 10 and the dimmer circuit 15. Upon re- 
ceipt of this prohibit output, the modulation circuit 10 
stops the above described modulating operation at 
the period T3. Also the dimmer circuit 1 5, upon receipt 
of the prohibit output, stops the dimming operation so 
that the output frequency f of the oscillation circuit 2 
is restored to the fundamental frequency f1. 

Thereafter, the voltage of the fundamental fre- 
quency f1 free from modulation is applied to the load 
circuit 7 and, hence, normal fluorescent lamps 9 con- 
tinue to be lit with ordinary brightness, while the flu- 
orescent lamp 9 at the end of life is made unable to 
give out light again and kept put out. Thus, the prob- 
lem of a large current flowing through the load circuit 
7 can be solved so that the circuit components such 
as choke coil 11 are prevented from being damaged 
and also the occurrence of the repeated going on and 
out of the fluorescent lamp 9 reaching its end of life 
can be prevented and the problem of deterioration in 
the illuminating effect can be solved. The purpose of 
the counting made in the output generation circuit 36 
is to keep itself from operating in th event of gener- 
ation of the large tube current I for a short period of 
time when a fluorescent lamp 9 in the normal state is 
put out. Instead of the counting of the pulses prac- 
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ticed in the above embodiment, it may be arranged 
such that a delay time of 1 second after generation of 
a pulse is provided by a time constant circuit and the 
aforesaid operation is made thereafter. 

In an apparatus having a large numberoffluor.es- s 
cent lamps 9 to be lit, the tube current I becomes great 
at the time when the lamps are normally lit and, 
hence, the detection of an abnormal tube current 
caused by the above described modulation becomes 
difficult. Therefore, as shown in FIG. 7, two detection 10 
coils 17A and 17B may be used to be provided for 
each of two load circuits 7, 7, each thereof having a 
large number of fluorescent lamps 9 (a special case 
where each load circuit 7 is formed of one fluorescent 
lamp 9 may be included). In such an arrangement, the 15 
secondary sides of the detection coils 17a and 17B 
are connected such thai theiroutput voitages vi and 
v2 have characteristics reverse to each other and the 
sum voltage v1 +v2 is input to the diode 21 of the rec- 
tifier circuit 1 8 (the rectifier circuit 1 8 uses, as the re- 20 
sistor 22 in the case of FIG. 1 , resistors 22Aand 22B). 
The circuit configuration subsequent to the rectifier 
circuit 18 is the same as that in FIG. 1. 

In the state of the fluorescent lamps normally lit, 
virtually equal tube currents 11 and 12 flow through 25 
the load circuits 7, 7 so that the voltages v1 and v2 
detected by the detection coils 17A and 17B become 
equal and, therefore, the detected voitages are can- 
celed with each other to make the voltage v1 + v2 in- 
putto the diode 21 zero. Accordingly, the output of the 30 
subsequent operational amplifier 28 does not go TT. 
When a fluorescent lamp 9 of any of the load circuits 
7 reaches its end of life, and if for example the tube 
current 11 becomes great as described above at the 
time when the modulation is performed by the mod- 35 
ulation circuit 10, then the voltage v1 + v2 becomes 
great. Thereafter, the same as in the case of FIG. 1 , 
the operational amplifier 28 generates a N H N pulse at 
the period T3 to cause the output generation circuit 36 
to operate. Since it hardly occurs that fluorescent 40 
lamps 9 of both load circuits 7, 7 simultaneously reach 
their end of life, practically no problem arises from it. 

Referring now to FIG. 8, a low-voltage detection 
circuit 39 of a control apparatus 1 of flu orescent lamps 
causing the oscillation circuit 2 to stop its operation 45 
when the power supply voltage is low. Component 
parts in Fig. 8 corresponding to those in FIG. 1 are de- 
noted by like reference numerals and, further, it is as- 
sumed that a similar load circuit 7 is arranged in the 
stage subsequent to the output circuit 4. To the AC so 
power supply, with which the power supply circuit 3 
for the oscillation circuit 2 is connected, is also con- 
nected a power supply circuit 40 outputting a DC pow- 
er supply VCC. Between the power supply VCC and 
the ground, there is connected a series circuit of re- 55 
sistors 41 and 42 and a zener diode D1. The emitter 
of a transistor 43 is connected to the power supply 
VCC, the base is connected to the junction point of 



the resistors 41 and 42, and the collector is grounded 
through a resistor 44. The collector of a transistor 46 
is connected to the power supply VCC through a re- 
sistor 47 and the emitter is grounded. The base of the 
transistor 46 is grounded through a resistor 48 and, 
between the base and the resistor 44, there is con- 
nected a series circuit of a zener diode ZD2 and a re- 
sistor 49. The voltage at the junction point of the col- 
lector of the transistor 46 and the resistor 47 is input 
to an inverter 51 and the output of the inverter 51 is 
input to the oscillation circuit 2. Between the junction 
point of the zener diode ZD1 and the resistor 42 and 
the inverter 51, there is connected a zener diode 
ZD3, and the relative voltage condition of the zener 
diode ZD 3 and the zener diode ZD1 is set to be ZD3 
<ZD1. 

Operation of the circuit will now be described. 
When the power supply AC is applied and the break- 
down voltage of the zener diode ZD1 is reached, cur- 
rent starts to flow through the resistors 41 and 42 and 
the zener diode ZD1 and, thereby, the transistor 43 
is rendered conductive. When the transistor 43 be- 
comes conductive, voltage is applied to the zener di- 
ode ZD2 and, when the voltage reaches its break- 
down voltage, current flows therethrough and, there- 
by, the transistor 46 is rendered conductive. As the 
transistor 46 becomes conductive, the input voltage 
to the inverter 51 is changed from TT to "L" and, 
hence, the output thereof becomes "H". The oscilla- 
tion circuit 2 is so arranged that it performs the oscil- 
lating operation when the output of the inverter 51 is 
"H". As the transistor 46 conducts current, the base 
potential of the transistor 43 is lowered from the vol- 
tage on the zener diode ZD1 to the voltage on the 
zener diode ZD3 and, by the thus formed hysteresis, 
the transistor 43 continues to be conducting current 
in a stabilized manner. 

On the other hand, when the power supply VCC, 
upon application of the AC power supply AC, does not 
rise to the breakdown voltage of the zener diode ZD1 , 
or when the AC power supply AC, after being applied, 
is lowered by some reason or other, so that the power 
supply VCC becomes lower than the breakdown vol- 
tage of the zener diode ZD3, no currents come to flow 
through the zener diodes ZD1 and ZD3 and, hence, 
the transistor 43 is rendered nonconductive. Accord- 
ingly, the transistor 46 also becomes nonconductive 
and, as a result, the output of the inverter51 becomes 
"L". The oscillation circuit 2 stops its oscillating oper- 
ation when the output of the inverter 51 is "L". Thus, 
the abnormal operation of the oscillation circuit 2 in 
the event of low-voltage power supply can be pre- 
vented and damage to circuit components can be pre- 
vented. 

According to the fluorescent lamp control appa- 
ratus of the present inv ntion as described above in 
detail, it is made possible to detect the end-of-life 
state of a fluorescent lamp and, thereby, abnormal 
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operation of the modulation circuit or dimming opera- 
tion of the dimmer circuit is prohibited and, hence, it 
becomes possible to prevent occurrence of damage 
to circuit components due to an abnormal current 
flowing through the load circuit when a fluorescent 5 
lamp reaches its end of life or occurrence of a bad il- 
luminating effect due to repeated going on and off of 
a fluorescent lamp at its end of life. 

Especially in the arrangement of FIG. 7, a first 
and a second current detection means are used and 10 
they are connected such that their outputs have re- 
verse characteristics to each other, it is made possi- 
ble to easily detect the existence of a fluorescent 
lamp at its end of life even when a large number of flu- 
orescent lamps are arranged to be lit. 15 

Further, according to the present invention, when 
the power supply voltage of the power supply circuit 
for the oscillation circuit is low, a low- voltage detec- 
tion circuit stops the oscillating operation of the oscil- 
lation circuit when an output voltage input thereto be- 20 
comes lower than a predetermined value. Therefore, 
damage and the like caused to circuit components 
due to an abnormal operation of the oscillation circuit 
following lowered voltage can be prevented from oc- 
curring. 25 



Claims 

1 . A control apparatus of fluorescent lamp having a 30 
load circuit formed of a fluorescent lamp provided 
with filaments at both ends thereof, a capacitor 
connected between said filaments, and a choke 

coil connected in series with said filament, an os- 
cillation circuit, an output circuit for applying said 35 
load circuit with a voltage at a frequency based on 
an output frequency of said oscillation circuit, and 
a modulation circuit for modulating the output fre- 
quency of said oscillation circuit to a frequency 
around the resonant frequency of said load circuit 40 
at a predetermined period, said control apparatus 
of fluorescent lamp comprising 

a tube's end-oMife detection circuit, con- 
stituted of current detection means for detecting 
a tube current flowing through said load circuit, a 45 
rectifier circuit for rectifying the output of said 
current detection means, and a detection circuit 
receiving the output voltage of said rectifier cir- 
cuit for detecting a rise in said output voltage dur- 
ing the modulation of the output frequency of the 50 
oscillation circuit performed by said modulation 
circuit. 

2. A control apparatus of fluorescent lamp having a 
load circuit formed of a fluorescent lamp provided 55 
with filaments at both ends thereof, a capacitor 
connected between said filaments, and a choke 

coil connected in series with said filament, an os- 



cillation circuit, an output circuit for applying said 
load circuit with a voltage at a frequency based on 
an output frequency of said oscillation circuit, and 
a modulation circuit for modulating the output fre- 
quency of said oscillation circuit to a frequency 
around the resonant frequency of said load circuit 
at a predetermined period, said control apparatus 
of fluorescent lamp comprising 

a tube's end-of-life detection circuit, con- 
stituted of current detection means for detecting 
a tube current flowing through said load circuit, a 
rectifier circuit for rectifying the output of said 
current detection means, and a detection circuit 
receiving the output voltage of said rectifier cir- 
cuit for detecting a rise in said output voltage dur- 
ing the modulation of the output frequency of the 
oscillation circuit performed by said modulation 
circuit and prohibiting the frequency modulating 
operation of said modulation circuit when the rise 
of said output voltage has continued a predeter- 
mined period of time. 

3. A control apparatus of fluorescent lamp having a 
load circuit formed of a fluorescent lamp provided 
with filaments at both ends thereof, a capacitor 
connected between said filaments, and a choke 
coil connected in series with said filament, an os- 
cillation circuit an output circuit for applying said 
load circuit with a voltage at a frequency based on 
an output frequency of said oscillation circuit, a 
modulation circuit for modulating the output fre- 
quency of said oscillation circuit to a frequency 
around the resonant frequency of said load circuit 
at a predetermined period, and a dimmer circuit 
adjusting the output frequency of the oscillation 
circuit for dimming said fluorescent lamp, said 
control apparatus of fluorescent lamp comprising 

a tube's end-of-life detection circuit, con- 
stituted of current detection means for detecting 
a tube current flowing through said load circuit, a 
rectifier circuit for rectifying the output of said 
current detection means, and a detection circuit 
receiving the output voltage of said rectifier cir- 
cuit for detecting a rise in said output voltage dur- 
ing the modulation of the output frequency of the 
oscillation circuit performed by said modulation 
circuit and prohibiting the frequency modulating 
operation of said modulation circuit and the dim- 
ming operation of said dimmer circuit when the 
rise of said output voltage has continued a prede- 
termined period of time. 

4. A control apparatus of fluorescent lamp having a 
first and a second load circuit formed of a first and 
a second fluorescent lamp, respectively, provid- 
ed with filaments at both ends of each thereof, 
and a capacitor connected between said fila- 
ments as well as a choke coil connected in series 



7 



13 



EP0 576 991 A2 



14 



with said filament of each fluorescent lamp, an 
oscillation circuit, an output circuit for applying 
each of said load circuits with a voltage at a fre- 
quency based on an output fr quency of said os- 
cillation circuit, and a modulation circuit for mod- 5 
ulating the output frequency of said oscillation cir- 
cuit to a frequency around the resonant frequen- 
cy of said load circuit at a predetermined period, 
said control apparatus of fluorescent lamp com- 
prising 10 

a tube's end-of-life detection circuit, con- 
stituted of first and second current detection 
means for detecting a tube current flowing 
through each of said load circuits, a rectifier cir- 
cuit for rectifying the sum of the outputs of said 15 
current detection means, said outputs being ar- 
ranged to be of characteristics reverse tc each 
other, and a detection circuit receiving the output 
voltage of said rectifier circuit for detecting a rise 
in said output voltage during the modulation of 20 
the output frequency of the oscillation circuit per- 
formed by said modulation circuit. 

5. A control apparatus of fluorescent lamp having an 
oscillation circuit connected to a power supply cir- 25 
cuit, a fluorescent lamp, and an output circuit for 
applying said fluorescent lamp with a voltage at 
a frequency based on an output frequency of said 
oscillation circuit, said control apparatus of fluor- 
escent lamp comprising 30 

a low-voltage detection circuit supplied 
with an output voltage based on a power supply 
in common with the power supply for said power 
supply circuit and causing said oscillation circuit 
to stop its oscillating operation when said output 35 
voltage becomes lower than a predetermined 
value. 
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